). There is a sharp interface between the cell populations exhibiting these behaviors; this interface corresponds to the axial/paraxial mesoderm boundary (Figure 2D) , which is marked by the expression boundary between ntl ( Figure 2F) and papc (Figure 2H ). Subtler differences are observed between internalization of axial and paraxial marginal cells of wild-type embryos (Richard Adams, personal communication), suggesting that Lefty1/2 depletion enhances an intrinsic dissimilarity. Despite the failure of some lateral marginal cells to undergo internalization in Lefty1/2-depleted embryos, they appear to be mesendodermal in character. This is suggested by the staining of ventro-lateral cells with papc ( Figure 2H) , sox17, and foxA2 [6] in Lefty1/2-depleted gastrulae. In contrast to other cells derived from the deep layer, the dorsal forerunner cells in Lefty1/2-depleted embryos undergo normal epiboly movements ( Figure 2I ). Interestingly, the population of forerunner cells is in- gastrulation phenotype seen in Lefty1/2-depleted wildtype embryos ( Figure 3A) . Therefore, unchecked Squint activity in the absence of Cyclops is sufficient to disrupt induction of Nodal pathway genes in Cyclops or Squint gastrulation. In contrast, reduction or loss of Squint morphant embryos that were injected with squint or function partially or completely suppressed the Lefty1/ cyclops mRNA. In Squint morphant embryos, exoge-2-depletion gastrulation phenotype, respectively, denous Cyclops induces ectopic lefty1, lefty2, and squint spite the presence of Cyclops (Figures 3B and 3C) . transcription ( Figures 4B, 4G and 4Q) , and in Cyclops These results demonstrate a specific requirement for morphant embryos, exogenous Squint induces cyclops Lefty-mediated antagonism of Squint, but not Cyclops, transcription ( Figure 4M ). Exogenous squint is also able during gastrulation ( Figure 3G) . to induce ectopic lefty1 and lefty2 in Cyclops morphant Although Lefty-mediated antagonism of Cyclops is or mutant embryos during late blastula stages (our undispensable for gastrulation, Lefties are capable of anpublished data). By gastrulation stages, however, entagonizing Cyclops, as seen in the ability of exogenous dogenous and ectopic transcripts of lefty1 and lefty2 lefty1 or lefty2 mRNA to phenocopy the squint;cyclops are drastically reduced in both control and squint mRNAdouble mutation [3, 5] . Consistent with this, Lefty1/2-injected Cyclops morphant ( Figures 4C and 4H ) or mudepleted squint mutant embryos, in which only Cyclops tant (our unpublished data) embryos. Therefore, cyclops and any unreported Nodal-related proteins might act, is specifically required for the maintenance of lefty1 and do display post-gastrulation defects, seen, for instance, lefty2 transcription ( Figure 4S ). in an excess of sonic hedgehog (shh) transcripts at 20
The preceding experiments show that both exogehpf ( Figure 3F) . nous Squint and exogenous Cyclops can induce robust Overexpression of either Squint or Cyclops in wildtranscription of target genes during gastrulation. This type zebrafish embryos drives transcription of squint, contrasts with our finding that endogenous Squint elicits cyclops, lefty1, and lefty2 (our unpublished data) [ 4D, 4I, and 4N and our unpublished data) . In internalization defects in epiboly mutants [18] , however, suggests that epiboly and internalization defects of contrast, depletion of Lefties in cyclops Ϫ/Ϫ embryos, in which only endogenous Squint (or an unreported Nodal) Lefty1/2-depleted embryos are independent. Our comparison of Squint and Cyclops activity demcan act, leads to a dramatic increase in the transcription of cyclops and squint (Figures 4O and 4R) . These results onstrates that Squint is uniquely able to cause gastrulation defects in the absence of Lefties. However, we do indicate that during gastrulation stages, removal of Lefty antagonism strongly potentiates signaling by endogesee later hyperactivation of shh transcription in Lefty1/ 2-depleted squint mutant embryos, demonstrating that nous Squint but fails to potentiate signaling by endogenous Cyclops.
even in the absence of Squint, Lefty antagonism is required for normal development. Considering that CyIn summary, time-lapse studies reveal that the germ layer imbalance in Lefty 1/2-depleted embryos becomes clops mediates patterning of ventral CNS tissues in part through the regulation of Hedgehog activity [19, 20] , manifest through an extension of the period during which embryonic cells rapidly internalize. We also obwe suspect that Cyclops is the Lefty-regulated factor responsible for this excess ventral specification, but a serve epiboly defects in Lefty1/2-depleted embryos. Because epiboly and internalization of deep cells are third Nodal may also contribute ( Figure 3G ). It also re-
